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The effect of several dietary antioxidant supplements 
upon ultraviolet light-induced ornithine decarboxylase 
activity was determined. Hairless mice received diets 
supplemented with either butylated hydroxytoluene, di-
sulfiram, phenobarbital, glutathione (reduced), or a spe-
cial antioxidant mixture for 2 weeks before irradiation 
with FS-20 fluorescent sun lamps. Epidermal ornithine 
decarboxylase activity, the induction of which is thought 
to be a necessary component of skin tumor promotion, 
was determined at designated post-irradiation periods. 
Significant inhibition of ornithine decarboxylase induc-
tion was found in epidermis from animals receiving diets 
containing butylated hydroxytoluene, the antioxidant 
mixture, or disulfiram whereas no significant effects 
were noted in animals receiving reduced glutathione or 
phenobarbital. Butylated hydroxytoluene, at physiolog-
ical concentrations, had no effect upon ornithine decar-
boxylase activity when added directly to the reaction 
mixture. Nor did this compound, when provided in the 
diet of animals, evoke a notable effect upon 12-0-tetra-
decanoylphorbol-13-acetate induced ornithine decar-
boxylase. The latter finding suggests that dietary buty-
lated hydroxytoluene inhibition of ultraviolet light-in-
duced ornithine decarboxylase is a response related di-
rectly to the degree of irradiation insult rather than a 
general effect upon the processes associated with carci-
nogenic promotion. 
Ornithine decarboxylase (EC 4.1.1.17) catalyzes the first, and 
rate-limiting step in mammalian biosynthesis of polyamines. 
The levels of individual polyamines, such as spermine and 
spermidine, increase in proliferating tissues and certain tumors 
[1] . Thus it was suggested that induction of epidermal ornithine 
decarboxylase (ODC) represents a biochemical marker for tu-
mor promotion. Mouse epidermal ODC activity rises dramati-
cally within 5 hr after topical application of 12-0-tetradeca-
noylphorbol-13-acetate (TPA), a component of croton oil and 
a potent tumor promoter [2,3]. The ability of other promoting 
phorbolesters to induce ODC correlates well with their tumor 
promoting efficacy. No induction was reported for either tumor-
initiating compounds or irritant and hyperplastic agents [2,4]. 
Recently, however, Mufson et al [5] demonstrated that mezer-
ein, an antileukemic agent structurally related to TP A but a 
relatively weak promoter of skin tumorigenesis, could induce 
ODC to the same extent as an equimolar level of TP A. On the 
basis of their findings, these workers suggested that ODC 
induction is a manifestation of the tumor promotion process, 
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but it does not necessarily represent the essential event required 
for this phenomenon. 
Ultraviolet light (UV) is a complete carcinogen possessing 
both initiating and promoting properties. UV is also an effective 
inducer of epidermal ODC activity [6, 7]. Whereas the relevance 
of UV-induced ODC activity to UV-carcinogenesis is still un-
clear, it has been suggested that ODC represents a biochemical 
marker associated with the promoting component of UV just 
as it apparently does for chemical promoters [6]. Recently 
Verma et al [8] reported good correlation between retinoid 
inhibition of TP A-induced ODC activity and skin tumor pro-
motion. We had previously demonstrated inhibition of UV-
carcinogenesis by a number of compounds with antioxidant 
properties and thus became interested in their effects upon 
ODC induction [9]. Here we report the ability of several such 
compounds to modify UV-induction of ODC. 
MATERIALS AND METHODS 
Animals and Diets 
One hundred and fifty albino, female hairless mice (SKH-HR-1), 3 
mo of age, were housed under a 12 hr light-dark regimen at 21-23°C. 
Six groups of 24 animals each received a commercial mouse meal 
(Wayne Lab-blox, Allied Mills, Chicago, Ill) supplemented, by weight, 
as follows: Control-no supplement; BHT -0.5%; Glutathione (reduced 
form)-0.1%; Phenobarbital-0.05%; Disulfi.ram-0.2%; Special Mix-
ture-2% consisting of 1.2% ascorbic acid, 0.5% BHT, 0.2% dl-a-tocoph-
erol, and 0.1% reduced glutathione. The mice. were fed the respective 
diets ad libidum for 2 weeks prior to irradiation. Mean body weights 
were determined at the beginning and end of the 2-week period. 
Irradiation 
The light source consisted of 2 Westinghouse fluorescent FS-20 
sunlamps. These lamps emit between 280-380 nm, with principal emis-
sion from 290-320 nm, and peak emission at 313 nm. Mice were 
irradiated in a 7 x 12 inch open-top plastic cage without restraints. The 
ligh t source was positioned 13 em from the dorsum of the animals 
which received a 2.5 minimal erythema dose (MED), as determined on 
5 untanned Caucasians. Total dose administered to the mice was 
equivalent to 0.53 J/Cm2 as measured with a calibrated circular ther-
mopile and microvolt meter. 
Protective Index Determinations 
Six animals from each dietary group were anesthetized with 0.18 ml 
of 4% chloral hydrate administered IP. The back of each mouse was 
completely covered with a template having three transverse apertures, 
7 mm wide x 40 mm long. Increments, ± 20 seconds, of irradiation were 
administered from a MED value previously determined for the respec-
tive group. The protective index (PI) was calculated as the ratio of the 
mean MED in animals receiving supplemented diets to that of animals 
on control diets. 
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Mice were sacrificed by cervical dislocation at specified post-irradia-
tion time intervals. A flap of dorsal skin was excised a·nd excess 
subdermal tissues were scraped away. All manipulations of skin were 
conducted on iced glass plates unless specified otherwise. The epidermis 
was scraped from the dermis after a 25 second 55°C heat treatment 
[10]. 
Epidermal preparations from 3 mice were pooled and homogenized 
in 3.1 ml of 50 mM sodium phosphate buffer (pH 7.2), containing 0.1 
mM pyridoxal phosphate and 0.1 mM EDTA. The homogenates were 
centrifuged at 30,000 Xg for 30 min to give a soluble supernatant [11]. 
Supernatant ODC activity was determined by measuring the release 
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of "COz from dl-[1- "C] ornithine hydrochloride (specific activity 59 
mCi/mmol, Amersham Corporation, Arlington Heights, Ill.). Individual 
assay mixtures contained 35 mM sodium phosphate (pH 7.2), 0.2 mM 
pyridoxal phosphate, 4.0 mM dithiothreitol, 1.0 mM EDT A, 0.4 mM L-
ornithine with 0.5 /lCi of dl-[r-"C] ornithine hydrochloride, and 100 Ill 
of epidermal extract in a fmal volume of 0.25 mi. The mixture was 
incubated at 37°C for 60 min in rubber stoppered tubes with center 
wells, each containing 0.2 ml hyamine hydroxide [ll]. The reaction was 
stopped with 0.5 ml of 2 M citric acid and incubated for an additional 60 
min. The center well was then transferred to a counting vial containing 
10 ml of toluene-based scintillation fluid and 2.0 ml ethanol. Radioac-
t ivity was measured in a Beckman LS-230 liquid scintillation counter 
with 89% 14C counting efficiency. All assays were conducted in triplicate 
and contained between 0.4-0.6 mg protein as determined by the method 
of Lowry et al [12]. Blank assays contained 100 Ill H zO. Animals were 
sacrificed and ODC activity routinely determined between 1 and 4 p.m. 
Control, BHT, antioxidant mixture and disulfiram ODC measurements 
were repeated for the 28 hr post-irradiation period. Statistical compar-
isons between groups were made for this time period using a Student 
t-test. 
Direct effects of BHT on ODC activity were also examined. Animals 
were sacrificed and epidermal homogenates prepared 28 hr post-irra-
diation. Ethanolic solutions of BHT were added directly to the reaction 
mixture to give final levels of 4.4 x 10- 2 to 4.4 X 10- 3 !Lg BHT per 
reaction tube. Control tubes contained equivalent concentrations of 
ethanol. The lowest concentration of BHT was based upon levels found 
in an equivalent skin weight from animals receiving the BHT supple-
mented diet for two weeks [13]. 
TPA-Induced ODC 
Hairless mice, 3 mo of age, were maintained for this study under the 
same environmental conditions as those in the UV studies. The animals 
received the commercial mouse meal (control) or the meal supple-
mented with 0.5% BHT. After 2 weeks on the respective diets, 200 Ill of 
acetone containing 17 nmoles of TP A was applied topically along the 
dorsum of the animals. At designated post-application periods, the 
animals were sacrificed and ODC activity determined as described. 
Epidermis from 3 animals was used for each time interval and treat-
ment. 
RESULTS . 
The effects of several dietary antioxidant supplements on 
UV-induced ODC activity were determined (Figure). Both a 
special dietary supplement, consisting of a 2% mixture of an-
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Dietary inhibition of UV -induced epidermal ornithine decarboxylase. 
Control-solid triangles; Disulfiram-open triangle; Antioxidant mix-
ture-open circle: BHT -square. Twenty-eight hr post-irradiation 
tests were repeated and mean values ± SEM are represented. 
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Effect of dietary BHT on TPA-induced ODC." 
post-TPA application time (hr} 
Treatment 
0 2 4 6 8 10 
Control -0- 0.67 4.67 7.88 ± 1.59 3.93 ± 1.37 0.37 
BHT -0- 0.20 5.29 7.05 ± .02 3.32 ± .53 0.08 
• Mean values of 2 experiments, ± SEM, are represented for 6 and 8 
hr post-TP A application periods. 
tioxidants, and BHT significantly (P<0.01) reduced the maxi-
mal level of ODC induction, 44% and 40% respectively. Disul-
fuam feeding resulted in a 30% inhibition (P<0.05) of ODC 
induction. Phenobarbital and reduced glutathione were without 
significance, having ODC activity 85-88% of control value at 28 
hr post-irradiation. Unlike its effect on UV-induced ODC, BHT 
failed to inhibit induction of the enzyme by TPA (Table). Nor 
did BHT have an effect on ODC activity when added directly 
to 28 hr post-irradiated epidermal homogenates. 
Animals receiving the special antioxidant mixture or BHT 
demonstrated a P.l. of 2.0-2.4, consistent with a previously 
published report [14], whereas reduced glutathione, disulfuam, 
and phenobarbital had no effect upon UV -mediated erythema. 
No notable differences in weight gain over the 2-week period, 
based upon mean weights, were observed between any of the 
dietary groups. 
DISCUSSION 
Lowe, Verma, and Boutwell [7] demonstrated the inducibility 
of ODC by UV and suggested that this response may represent 
a specific biochemical marker for the tumor promoting com-
ponent of UV just as it was thought to do for chemical pro-
moters of carcinogenesis. Recent evidence, however, disputes 
the degree of specificity with which ODC induction is related 
to tumor promotion. Lichti et al [15] demonstrated that fluo-
cinolone acetonide, an anti-inflammatory steroid and potent 
inhibitor of tumor promotion, while inhibiting TP A-mediated 
DNA snythesis, actually potentiated TP A-induced ODC activ-
ity. The dissociation of ODC induction and tumor promoting 
capacity has also been demonstrated in the case of mezerein 
[5]. Weeks, Bracken, and Slaga [16] have suggested that actual 
levels of certain polyamines may be more indicative of biochem-
ical events occurring during tumor promotion. Whereas Lichti, 
Patterson, and Yuspa [17] have shown TPA and UVC inductive 
ODC pathways to differ in response to retinoic acid inhibition, 
both required the pre-synthetic processes of translation and 
transcription. Thus, while ODC induction may lack specificity 
as a marker for tumor promotion, it is, at least, an early event 
closely associated with the process. Consequently, ODC induc-
tion has proved to be a useful tool in examination of tumor 
promoting and inhibiting agents . 
In this study the special antioxidant mixture and BHT sup-
plemented diets markedly inhibited·UV-induced ODC activity. 
Both diets contain equivalent levels of BHT and, as in the 
study of DeRios et al [14], it is probable that BHT is the active 
principal in the antioxidant mixture. The antioxidant mixture 
and BHT have been shown to inhibit both UV-mediated ery-
thema and carcinogenesis [9,14]. On the other hand, reduced 
glutathione and phenobarbital had no effect upon ODC activity 
nor did they provide protection against UV-erythema. Gluta-
thione reportedly had no effect on UV -carcinogenesis whereas 
phenobarbital was as effective as BHT in inhibiting tumor 
incidence. Disulfuam, reported to be the most effective of the 
antioxidants tested against UV -carcinogenesis, provided a 30% 
inhibition of UV-induced ODC activity but had no effect upon 
UV-mediated erythema. 
The results of these studies might, at first, be interpreted to 
imply that BHT exerts a major effect upon the physiological 
events associated with the promotional stage ofUV -carcinogen-
esis. However, the facts that (1) BHT feeding did not result in 
inhibition of TP A-induced ODC, (2) BHT feeding leads to an 
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increased erythema PI, and (3) the recent demonstration that 
BHT feeding results in a marked increase in epidermal absorp-
tion in the UV spectral region [13], suggest that the effect of 
BHT on UV-induced ODC is directly related to the degree of 
UV insult. 
A preliminary report indicates that UVC exerts some speci-
ficity for ODC induction in cultured epidermal cells [17]. In 
those studies the UVC dose administered caused a 10-20 fold 
increase in ODC activity while inhibiting protein and RNA 
synthesis as much as 50%. However, the biphasic response 
curve differed from that obtained for UVB induced ODC in 
hairless mice [5] suggesting that the degree of specificity of UV 
action on ODC induction is a function of wavelength and/or 
dose. It seems likely that, in the present study, BHT produces 
a significant diminution of the UV radiation reaching target 
sites responsible for ODC induction and thus a major fraction 
of the observed inhibition reflects responsiveness to UV dose. 
Conversely, disulfiram, an effective inhibitor of UV-carcino-
genesis and moderate inhibitor of ODC induction, had no effect 
upon the erythema Pl. This compound may, indeed, mediate 
some of its anti-carcinogenic effect by interfering in the pro-
motional events of carcinogenesis. Further insight into the 
mode of action of both compounds might be achieved by 
correlating BHT inhibition of UV-induced ODC to its effect 
upon epidermal absorption and studies on the effect of disulfi-
ram on TP A-induced ODC. 
Finally, it had been hypothesized, following the report of 
DeRios et al [14], that the erythemic response to UV might 
constitute a useful short term in vivo assay to screen potential 
anti-carcinogenic compounds. The failure of disulfiram and 
phenobarbital, both effective inhibitors of UV -carcinogenesis, 
to provide protection to UV-mediated erythema dispels such a 
theory. 
We would like to thank Dr. John I. Thornby for statistical analysis 
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